Objective: Proximal femoral morphometries such as hip axis length (HAL), femoral neck (FN) axis length (FNAL), and FN shaft angle (FNSA) are important parameters for prediction of fracture risk. These parameters are affected by factors such as body habitus, age, sex, race, bone mineral density (BMD), and body mass index. Hence, the present study was designed to evaluate the relationship between proximal femoral morphometry and BMD.
INTRODUCTION
The morphology of the proximal femur, specifically the relationships among the head, neck, and proximal shaft, has been a participant of interest and debate in literature dating back to at least the middle of the 19 th century [1] . Advanced age, female sex, osteoporosis, Caucasians, smoking, alcoholism, previous fracture, history of falls, and low estrogen level are the main risk factors for the occurrence of hip fractures. In the elderly, minor falls from the orthostatic position are responsible for approximately 90% of proximal femoral fractures. In young patients hip fractures are usually associated with high energy trauma [2] . The shape of the proximal femur is known to be an important risk factor for hip fracture of the femoral neck (FN), regardless of bone mass or bone strength [3] . A bone fractures when it is subjected to stresses greater than its ultimate strength. The stress within a bone depends on the geometric arrangement and the material of which the bone is made, as well as on the direction and size of the force applied [4] . Femoral morphometric parameters including hip axis length (HAL), FN axis length (FNAL), femoral head width, intertrochanteric width, and FN shaft angle (FNSA) have been related to the mechanical strength of the proximal femur. HAL, NSA, and FN width are important predictors of hip fracture both in men and women [5, 6] . The risk of hip fracture can be predicted by some factors, such as body mass index (BMI), bone mineral density (BMD), the direction and severity of the fall, muscle strength, body habitus, femoral morphometry, and family history or lifestyle factors [7] . There are substantial variations in hip fracture incidence rates worldwide, which suggest the existence of important environmental factors that could be manipulated to reduce hip fracture occurrence. This substantial variation may be related to genetic factors and environmental conditions influencing BMI, BMD, and the morphometry of the proximal femur [7, 8] . In this study, our aim was to obtain measurements of the proximal femoral morphometry and BMD and attempt to provide information about the correlation between morphometric indices of the proximal femur and BMD.
METHODS
The present study was an observational cross-sectional study carried out in 168 patients irrespective of sex, attending various outpatient department of a tertiary care hospital and coming to the Department of Radiology, Institute of Medical Sciences and SUM Hospital, Bhubaneswar. The participants were selected after a written informed consent was obtained from the patients. The study protocol was approved by our institutional ethics committee. Exclusion criteria include patients with a history of fracture due to osteoporosis, bilateral hip fracture, metabolic bone diseases, malignancy, renal failure, terminal illness, psychiatric illness, and severe dementia. Age, sex, height, and weight were measured for all the patients. Morphometric indices of the upper end of femur such as HAL, FNAL, and FNSA were measured by dualenergy X-ray absorptiometry (DEXA) scan and, FN-BMD was measured using LUNAR XR 1000 scanner and expressed as g/cm².
Radiographic assessment
The pelvic radiograms were taken with 15-30° of internal rotation of the hips in the supine position. The beam centered in the symphysis pubis with a film focus distance of 100 cm. For morphometric measurements, 15 inch×12inch films were taken. One longitudinal line was drawn over the film, and few perpendicular lines 1 cm apart were drawn on that longitudinal line. The film was placed over that radiograms to facilitate accuracy and consistency of measurements and points of desired measurements were marked over lines. For all patients, skiagrams of left femur were taken for uniformity. Following parameters are being considered for all patients (Fig. 1) .
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• HAL in mm: From the base of the lateral part of the greater trochanter up to the inner pelvic brim • FNAL in mm: Length from the lateral part of the greater trochanter up to the caput femoris.
• FNSA in degree: Angle between neck and shaft of femur.
The correlation of proximal femoral morphometry with BMD has been studied by using Karl Pearson correlation coefficient (r).
RESULTS
The mean values of all the parameters are shown in Table 1 , and the correlation between FN-BMD and femoral morphometric parameters is represented in Table 2 . The mean age, height, weight, HAL, FNAL, FNSA, and FN-BMD of the study population were found to be 58.72 years, 160.15 cm, 64.38 kg, 104.14 mm, 103.51 mm, 128.51°, and 0.761 g/cm², respectively. The correlation between FN-BMD and proximal femoral morphometry is presented in Table 2 . FN-BMD had a high degree of negative correlation with HAL (r=−0.791, p=0.000), with FNAL (r=−0.734, p=0.000), and also with FNSA (r=−0.713, p=0.000). Moreover, the femoral morphometric parameters were strongly correlated with each other (Table 2) .
DISCUSSION
The present study reveals relationship between proximal femoral morphometry and BMD of FN in the study population. BMD is one of the most important determinants of skeletal strength. For each standard deviation reduction in bone mass, the risk of hip fracture increases by a factor of 1.5-3 [9] . BMD as measured by DEXA, particularly at the proximal femur, is the main determinant of the hip fracture risk [10, 11] . On the other hand, a study by Faulkner et al. shows hip geometry is an indicator of hip fractures but is not influenced by age and BMD [12] . According to Prabhu et al., there is a negative correlation between femoral morphometry and BMD in south Indian population [13] . Similar type of relationship we found in our study on the eastern Indian population. This indicates decrease in BMD leads to increase in HAL, FNAL, and FNSA. On the contrary, Irdesel and Ari stated that there is a positive correlation between BMD and femoral morphometry in Turkish women [14] . This may be due to racial difference among study population. Iwamoto et al. also found a negative correlation between BMD and FNSA [15] . Low BMD is an important risk factor for hip fractures [10] . Low BMD is associated with decrease in bone mass which may affect morphometric changes in the upper end of femur and increase risk of fracture. Faulkner et al. quoted that BMD and HAL are significant independent predictors of hip fracture [16] . Brownbill et al. suggested that the longer HAL is negatively associated with FN BMD [17] . The decrease in BMD causes increase in proximal femoral morphometry, and this may be due to cortical thinning, age-related bone loss, and dietary habit which increases the risk of hip fracture. The variations in FNAL may be related to the higher occurrence of hip fracture [18] [19] [20] . The present study found negative correlation between FN-BMD and FNAL.
CONCLUSION
The present cross-sectional study found significant correlation between BMD and proximal femoral morphometry and both should be taken into account for better prediction of fracture risk in an individual. 
